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P E R F O R ~ N C E  OF A MULTIPLE VENTURI 
FUEL-AIR PREPARATION SYSTEM 
Robert R. Tacina 
A premixed-prevaporized f u e l  preparat ion system was designed 
and tes ted f o r  use i n  c a t a l y t i c  reactors f o r  gas t u rb i ne  
appl icat ions.  A Mu l t i p l e  Conical Tube f u e l  i n j e c t o r  was 
prev ious ly  tes ted t h a t  s a t i s f i e d  the goals fo r  a premixed- 
prevaporized system ( spa t i  a1 f u e l - a i r  d i s t r i b u t i o n  was w i t h i n  
10 percent o f  the mean and near ly 100 percent vapor izat ion was 
achieved a t  an i n l e t  a i r  temperature o f  700K). The purpose o f  
the conical  tubes was t o  provide high ve l oc i t y  a i r  f o r  
atomization and also s t ra ighten the i n l e t  a i r  v e l o c i t y  
p r o f i l e .  A refinement o f  t h i s  i n j e c t o r  was t r i e d  t h a t  used 
Venturi  tubes instead o f  conical  tubes t o  improve the 
atomization and shorten t he  residence time. With in t h i s  
M u l t i p l e  Venturi  Tube f u e l  i n j e c t o r  the th roa t  v e l o c i t y  was 
increased f o r  be t t e r  atomizati  on w i t h  the  t o t a l  pressure loss  
designed t o  be the same as the M u l t i p l e  Conical Tube f u e l  
i n j ec ta r .  
Spat ia l  f u e l - a i r  d i s t r i bu t ions ,  degree o f  vaporizat ion, and 
pressure drop were measured 16.5 cm downstream o f  the  f u e l  
i n j e c t i o n  plane o f  the M u l t i p l e  Ventur i  Tube f u e l  i n jec to r .  
Tests were performed i n  a 12 cm tubu lar  duct. Test condi t ions 
were: a pressure of 0.3 MPa, i n l e t  a i r  temperature from 400 t o  
800K, a i r  ve l oc i t i e s  o f  10 and 20 m/s, and f u e l - a i r  r a t i o s  o f  
0.010 and 0.020. The f u e l  was Diesel #2. Spat ia l  f u e l - a i r  
d i s t r i b u t i o n s  were w i t h i n  - + 20 percent o f  the  mean a t  i n l e t  a i r  
temperatures above 450K. A t  an i n l e t  a i r  temperature o f  400K, 
the  f u e l - a i r  d i s t r i b u t i o n  was w i t h i n  + 30 percent o f  t he  mean. 
No d i s t o r t i o n  i n  the f u e l - a i r  d i s t r i b c t i o n  was measured when a 
50 percent blockage p l a t e  was placed 9.2 cm upstream o f  the  
f u e l  i n j e c t i o n  plane t o  d i s t o r t  the i n l e t  a i r  v e l o c i t y  
p r o f i l e .  Vaporizat ion o f  t he  f u e l  was 50 percent complete a t  
an i n l e t  a i r  temperature o f  400K and the percentage increased 
li near ly w i t h  temperature t o  compl ete vapor izat ion a t  600K. 
The pressure drop was 3 percent a t  the design po in t  which was 
three times greater  than t h e  designed value and the  s ing le  tube 
experiment value. No au to ign i t i on  or f l  ashback was observed a t  
the condi t ions tested. These condit ions, except f o r  f u e l - a i r  
r a t i o ,  are i n  the range where others have obtained 
autoigni t ion.  Thus t he  au to ign i t i on  problem i s  not  as severe 
for  a c a t a l y t i c  combustor which operates a t  f u e l - a i r  r a t i o s  
leaner than the  normal f l amnab i l i t y  l i m i t .  Ca lcu la t ion of mean 
drop s i ze  from d i f f e r i n g  co r re la t ions  are presented which shows 
a wide range of calculated mean drop s i ze  (13 -160 vm) . 
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